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Context: Elevated concentrations of proinflammatory cytokines have been hypothesized as 
an important factor in the pathophysiology of depression. Depression itself is considered to be 
a heterogeneous disorder. Current findings suggest that "cognitive" and "somatic" symptom 
dimensions are related to immune function in different ways. So far, little research has been 
done on the longitudinal aspects of inflammation in patients with major depression, especially 
with respect to different symptom dimensions of depression. Therefore, we investigated which 
aspects of depression may predict changes in tumor necrosis factor-alpha (TNF-alpha) and 
interleukin (IL)-6 over 4 weeks. 

Methods: Forty-one patients with major depression diagnosed according to the Diagnostic and 
Statistical Manual of Mental Disorders, fourth edition (DSM-IV), and 45 healthy controls were 
enrolled. Serum measurements of TNF-alpha and IL-6 were conducted at baseline and 4 weeks later. 
Psychometric measures included the assessment of cognitive-affective depressive symptoms and 
somatic symptoms during the last 7 days as well as somatic symptoms during the last 2 years. 
Results: Patients with depression showed increased levels of TNF-alpha (P<0.05) compared to 
healthy controls. Hierarchical regression analyses indicated that neither depressive nor somatic 
symptoms predict changes in proinflammatory cytokines in the whole sample of depressed 
patients. Moderation analyses and subsequent sex-stratified regression analyses indicated 
that higher somatoform symptoms during the last 2 years significantly predict an increase in 
TNF-alpha in women with major depression (P<0.05) but not in men. Exploratory analyses 
indicated that the stability of TNF-alpha and IL-6 (as indicated by intraclass correlation 
coefficients) over 4 weeks was high for TNF-alpha but lower for IL-6. 

Conclusion: The present study demonstrated that a history of somatoform symptoms may be 
important for predicting future changes in TNF-alpha in women with major depression. 
Keywords: interleukin-6, tumor necrosis factor-alpha, symptom dimension 

Introduction 

Elevated concentrations of cytokines have been hypothesized as an important factor 
in the pathophysiology of depression. Meta-analytic results indicate increased 
levels of the proinflammatory cytokines interleukin (IL)-6 and tumor necrosis 
factor-alpha (TNF-alpha) in depressed patients compared to healthy controls. 1 - 2 
A recent study with healthy individuals has shown that depressive symptoms may 
precede and augment some inflammatory processes. 3 Inflammatory mechanisms 
have been suggested to play a pivotal role in the relationship between depression 
and cardiovascular disease. 4 ' 5 

Depression itself is considered to be a heterogeneous disorder. Current findings sug- 
gest that "cognitive" and "somatic" symptom dimensions are related in different ways 
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to immune function and cardiovascular outcomes. Somatic 
symptoms have been shown to be better predictors of 
cardiovascular mortality and cardiac events in post-myocardial 
infarction patients and in patients with chronic heart failure 
(CHF). 6 " 10 Additionally, somatic but not cognitive-affective 
depressive symptoms have been related to cardiovascular risk 
factors such as decreased heart rate variability and reduced 
barorefiex sensitivity. 11,12 Somatic symptoms (especially 
sleeping disorders) predict further depressive episodes better 
than cognitive-affective symptoms. 13 Regarding immunologi- 
cal measures, Duivis et al demonstrated that somatic symp- 
toms of depression and anxiety but not cognitive symptoms 
are associated with higher inflammatory levels of C-reactive 
protein (CRP), IL-6, and TNF-alpha in a population-based 
sample. 14 In patients with major depression, increased levels 
of soluble interleukin-2 receptors (sIL-2R) were associated 
with higher severity ratings of somatic symptoms but not 
with cognitive-affective depressive symptoms. 15 

Though many studies have focused on cross-sectional 
relationships between depression and proinflammatory 
cytokines, little research has been done on longitudinal 
aspects of inflammation in patients with major depression, 
especially with respect to different symptom dimensions 
of depression. 16 In the present investigation, we aimed to 
learn whether changes in IL-6 and TNF-alpha over 1 month 
can be predicted by measures of cognitive-affective and 
somatic symptoms in patients with major depression. The 
prediction of changes in these inflammatory markers may 
be of relevance because an increase of proinflammatory 
cytokines contributes to several poor health outcomes. 17-20 
We hypothesized that primarily somatic aspects of depres- 
sion may predict an increase in proinflammatory cytokines. 
Since previous research indicates sex differences in depres- 
sion, immune function, and symptom dimensions, we further 
focused on the moderating role of sex. 21-23 All analyses were 
performed for the whole sample and separated by sex. 

Methods 

Subjects 

The study was approved by the ethics committees of the 
German Psychological Society and the Institutional Review 
Board of Munich University Clinical Center. Forty-one 
outpatients with major depression were recruited from 
the Outpatient Clinic for Psychological Interventions of the 
University of Marburg and the Department of Psychiatry of 
Munich University. Furthermore, 45 healthy controls were 
enrolled in the study. All participants underwent a diagnostic 
session which included the German version of the Structured 



Clinical Interview for the Diagnostic and Statistical Manual 
of Mental Disorders, fourth edition (SCID for the DSM-IV) 24 
and an interview that focused on exclusion criteria and on 
demographic variables. Exclusion criteria were organic 
illnesses involving the central nervous system (CNS) or 
affecting immune status (inflammatory diseases, infections, 
injuries in the last 2 weeks), psychotic symptoms, somati- 
zation disorder, pain disorder, alcohol and/or drug abuse, 
antipsychotics, stimulants, current psychotherapy (to allow 
reliable and unbiased evaluation of psychopathology), 
pregnancy and lactation in women, and any psychiatric 
diagnosis according to DSM-IV in controls. 

Procedures 

Participants visited the research facility for measurements at 
baseline (Tl) and 4 weeks later (T2), without any intervention 
in the meantime. Most of these patients were considered for 
further ongoing longitudinal research after participating in the 
present investigation. Depressive and somatic symptoms as 
well as biological parameters were assessed at each visit. 

Measures 

Psychological variables 

As mentioned in Methods, the German version of the SCID 24 
was used to confirm the diagnosis of major depression and 
comorbid axis-I disorders. The symptom severity of each par- 
ticipant was assessed using the German version of the Beck 
Depression Inventory II (BDI II). 25 Cognitive-affective symp- 
toms were assessed using the cognitive-affective subscale 
of the BDI II. To measure somatic symptom dimensions, 
two screenings for somatoform symptoms were used. 26 The 
Screening for Somatoform Symptoms Scale-7 (SOMS-7) 
consists of 53 items, and measures somatic symptoms listed 
for somatization disorder and somatoform autonomic dys- 
function in DSM-IV and the International Classification of 
Diseases, tenth revision (ICD-10) for the last 7 days. The 
Screening for Somatoform Symptoms Scale-2 (SOMS-2) 
included 68 items and rates somatic symptoms for the last 
2 years. Both scales usually included six sex-related items, 
which were excluded to assure a better comparability between 
female and male participants. 

Cytokine analysis 

Blood samples were collected at 8 am, centrifuged, and 
stored at -80°C until thawed for assay. Participants were 
instructed to avoid exercise and alcohol 24 hours prior to 
blood withdrawal. Also, participants were instructed to avoid 
rushing and taking public transportation to the laboratory to 
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avoid physical overexertion before blood sampling. Serum 
concentrations of IL-6 and TNF-alpha were determined using 
highly sensitive immunoassays according to the manufac- 
turer's instructions (Human IL-6 Quantikine HS and Human 
TNF-alpha Quantikine HS; R&D Systems, Minneapolis, 
MN, USA). 

Statistical analysis 

The statistical analyses were carried out with SPSS soft- 
ware (vl9.0 for Windows; IBM Corporation, Armonk, NY, 
USA). As the immunological parameters were not normally 
distributed, the values of inflammatory markers were log- 
transformed to allow parametric testing. Boxplots were 
used to control for univariate outliers. Screening for mul- 
tivariate outliers was performed by calculating Studentized 
deleted residuals and centered leverage values. 27 To test for 
mean differences of cytokines and psychometric variables 
between patients and healthy controls, data were analyzed 
by repeated measures analysis of variance (ANOVA). In the 
same way, interaction effects of group, sex, and time were 
calculated. Pearson product-moment correlations were cal- 
culated to examine the relationships between cytokines and 



psychometric measures (BDI II, BDI II subscale, SOMS-7, 
SOMS-2) at baseline measurement (Tl). To examine 
prospective relationships between depressive and somatic 
symptoms and changes in proinflammatory cytokines, 
hierarchical regression analyses were conducted. Baseline 
levels of cytokines were entered at step 1 while symptom 
dimensions were entered at step 2 to predict cytokine levels 
4 weeks later. A number of moderation analyses were car- 
ried out to measure possible interactions between sex and 
symptom dimension in the prediction of changes in cytokines. 
Pearson product-moment correlation coefficients were used 
to examine the relationship between changes in psychometric 
measurements and changes in cytokine levels. Exploratory 
analyses of intraclass correlation coefficients (ICC) were 
conducted to estimate the variability of cytokine levels over 
time and 95% confidence intervals were calculated. 

Results 

The characteristics of participants and group differences 
in study variables are presented in Table 1. Patients with 
major depression and controls did not differ significantly 
with respect to age, education, sex, body mass index 



Table I Characteristics of patients with MD and HC 



MD (n=4l) 



HC (n=45) 



P-value 



Sociodemographic data 
Age 

Sex: female, n (%) 

Years of education 
Body mass index, kg/m 2 
Use of antidepressives: yes (%) 
Current smoker, n (%) 
DSM-IV comorbidity, n (%) 

Undifferentiated somatization 

Panic disorder 

Generalized anxiety disorder 

Post-traumatic stress disorder 

Social phobia 

Specific phobia 

Body dysmorphic disorder 

Eating disorder 

Obsessive compulsive disorder 
Psychopathological measures 
BDI II 

Cognitive-affective symptoms subscale, BDI II 
Somatoform symptoms severity index, SOMS-7 
Somatoform symptoms severity index, SOMS-2 
Cytokines, pg/mL 

Tumor necrosis factor-alpha 
lnterleukin-6 



33.2 (12.52) 
23.0 (60) 
12.38 (1.33) 
25.10 (5.0) 
8 (19.51) 

16 (39.02) 

3 (7.32) 
6 (14.63) 
2 (4.88) 
5 (12.2) 
7(17.07) 
2 (4.88) 

1 (2.44) 

2 (4.88) 
I (2.44) 

22.3 (10.37) 
8.5 (4.5) 
23.05 (19.52) 
15.24 (9.67) 

1.41 (0.43) 
1.19 (0.72) 



36.5 (13.19) 
29.0 (64.7) 
12.61 (I.I) 
24.05 (5.5) 

16 (35.56) 



3.06 (4.25) 
0.9 (1.4) 
6.08 (6.03) 
4.25 (5.65) 

1.12 (0.42) 
1.14 (0.73) 



0.220 
0.710 
0.363 
0.360 

0.392 



0.000 
0.000 
0.000 
0.000 

0.039 
0.288 



Notes: Group differences were calculated by repeated measures analysis of variance and chi-square tests as appropriate. Values shown as mean (SD) unless otherwise noted. 
Cytokine analyses were executed using log-transformed data (non-transformed data are shown to facilitate interpretation). 

Abbreviations: BDI II, Becks Depression Inventory II; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, fourth edition; HC, healthy controls; MD, major 
depression; SD, standard deviation; SOMS, Screening for Somatoform Symptoms Scale. 
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(BMI), and smoking status. With regards to psychological 
variables, patients scored significant higher in the BDI II 
(F[l, 88]=38.61, P<0.001), the cognitive-affective symp- 
toms subscale of the BDI II (F[l, 88]=40.14, P<0.001), 
the SOMS-7 (iTl, 88]=24.02, P<0.001), and the SOMS-2 
(F[l, 83]=92.9, P<0.001). In terms of cytokines, patients 
had significantly higher concentrations of TNF-alpha 
(F[l, 87]=0.16, P=0.045). No group difference was found for 
IL-6. There were no significant interaction effects between 
group, sex, and time (P>0.05). 

To test potential cross-sectional relationships between 
psychological variables and cytokines at baseline, bivariate 
correlations were performed. IL-6 and TNF-alpha are not 
significantly associated with BDI II (r=0.24, P=0. 15; r=-QJ, 
P=0J, respectively), the cognitive-affective symptoms 
subscale of the BDI II (r=0.U, P=0.52; ^-0.51, P=0.76, 
respectively), the SOMS-7 (r=0.18, P=0.2S; r=-0.001, 
P=0.97, respectively), or the SOMS-2 (r=0.12, P=0.25; 
r=0.5, P=0.11, respectively). 

For patients with major depression, a number of 
hierarchical regression analyses were conducted to examine if 
depressive and somatic symptoms (step 2) predict proinflam- 
matory cytokines 4 weeks later after controlling for cytokine 
levels at baseline (step 1). The results for step 1 indicated that 
baseline levels of TNF-alpha (Tl) were significantly related 
to TNF-alpha levels 4 weeks later (T2) ((3=0.83, #=0.688, 
P<0.001). Regarding changes in TNF-alpha, neither total 
depressive symptoms ([3=0.14, A#=0.019, P=0.147), 
cognitive-depressive symptoms ((3=0.15, A#=0.021, 
P=0.124), somatoform symptoms during the last 7 days 
(P=0.557, A#=0.003, (3=0.06), nor somatoform symptoms 
during the last 2 years (P=0. 147, A#=0.021, (3=0. 14) were of 
significant predictive value. 

Similar results were found for IL-6: the baseline levels 
of IL-6 (Tl) were significantly related to IL-6 levels 4 
weeks later (T2) ((3=0.55, #=0.304, P<0.001). Like TNF- 
alpha, changes in IL-6 were not predicted neither from 
total depressive symptoms ((3=0.04, A#=0.001, P=0.793), 
cognitive-depressive symptoms (|3=-0.07, A#=0.005, 
P=0.626), somatoform symptoms during the last 7 days 
(P=-0.04, A#=0.002, P=0.772), nor somatoform symptoms 
during the last 2 years ((3=0-08, A#=0.006, P=0.581). 

Additionally, a number of moderation analyses were 
conducted to examine whether there were significant interac- 
tions between sex and symptom dimension in the prediction 
of changes in cytokines. Centered symptom scores and sex 
(dummy coded) were entered at step 2 after accounting for 
baseline levels of cytokines at step 1 . Interaction terms of 



w 2 




Low High 
Somatoform symptoms during the last 2 years 



Figure I Sex as a moderator of the relationship between somatoform symptoms 
during the last 2 years (SOMS-2 scale) and an increase in TNF-alpha over 4 weeks. 
Note: Somatoform symptoms during the last 2 years predict future levels of 
TNF-alpha in women but not in men (adjusted for baseline levels of TNF-alpha). 
Abbreviations: TNF-alpha, tumor necrosis factor-alpha; SOMS-2, Screening for 
Somatoform Symptoms Scale-2. 

centered symptom scores and sex were entered at step 3. 
Results indicated that interaction terms did not significantly 
explain variance (P>0.1) with one exception: SOMS-2 x 
sex interaction terms accounted for significant increments 
of variance in changes of TNF-alpha ((3=-0.40, A#=0.046, 
P=0.027) beyond what was accounted for by sex ((3=0.05; 
P=0.593) and SOMS-2 scores ((3=0-14; P=0.167) at step 2 
(A#=0.024; P=0.307). Figure 1 illustrates this significant 
interaction. Follow-up sex-stratified regression analyses indi- 
cated that higher somatoform symptoms during the last 2 years 
significantly predict an increase in TNF-alpha in women 
with major depression ((3=0.31, A#=0.095, P=0.019), but 
not in men ((3=-0.01, A#<0.001, P=0.930). 

The calculation of ICC in the patient group showed a 
high ICC of 0.82 for TNF-alpha, which suggests strong 
stability of TNF-alpha over 1 month. Consistent with these 
findings, there was a significant correlation for TNF-alpha 
between T 1 and T2 (i -0.83). The ICC for IL-6 was moderate 
(0.50) and similarly, there was a fair correlation between the 
two points of measurement (/^0.55). In the healthy control 
group, the ICC for TNF-alpha (0.55) was moderate as well 
(r=0.1l), whereas the stability of IL-6 over 1 month was 
fair (ICC =0.43; 7=0.43) (see Table 2). Calculations of ICC 
carried out separated by sex showed essentially equivalent 
results (data not shown). 

Discussion 

In the present study, we investigated whether changes in 
IL-6 and TNF-alpha over 4 weeks can be predicted by 
measures of cognitive-affective and somatic symptoms in 
patients with major depression. As a main result, we found 
that higher somatoform symptoms during the last 2 years 
significantly predict an increase in TNF-alpha in women 
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Table 2 Stability of cytokines indicated by ICC and correlation of 
inflammatory markers between baseline and 4 weeks follow-up 

Baseline and 4 weeks follow-up 



Pearson correlation ICC (95% CI) 



MD 






TNF-alpha (pg/mL) 


0.825* 


0.82 (0.69-0.90) 


IL-6 (pg/mL) 


0.504* 


0.50 (0.22-0.71) 


HC 






TNF-alpha (pg/mL) 


0.553* 


0.55 (0.30-0.72) 


IL-6 (pg/mL) 


0.432* 


0.43 (0.16-0.64) 



Note:*P<0.0l (two-tailed). 

Abbreviations: CI, confidence interval; HC, healthy controls; ICC, intraclass 
correlation coefficients; IL-6, interleukin-6; MD, major depression; TNF-alpha, 
tumor necrosis factor-alpha. 

with major depression but not in men. While TNF-alpha 
was significantly higher in patients with major depression, 
no group differences were observed for IL-6. Exploratory 
analyses indicated a high stability of TNF-alpha over 
4 weeks in patients with major depression and a moderate 
stability in healthy controls. IL-6 was less stable in both 
groups. 

Former research in healthy populations has shown that 
elevated cytokines are risk markers for coronary heart 
diseases. 28 29 Our finding that higher somatoform symptoms 
over the last 2 years significantly predicts an increase in 
TNF-alpha in depressive women is in line with previous 
results that link somatic symptoms with inflammatory mark- 
ers and poor cardiovascular outcomes. 5 - 30 In women with 
suspected myocardial ischemia, somatic but not cognitive- 
affective depressive symptoms were associated with an 
increased risk of cardiovascular-related mortality and events. 6 
Similarly, there are findings that in patients with CHF, only 
somatic depressive symptoms predict all-cause mortality 
in CHF. 7 Roest et al demonstrated in 2013 that changes in 
somatic depressive symptoms, but not in cognitive-affective 
symptoms of depression, were related to improved outcomes 
concerning event-free survival following acute myocardial 
infarction in cardiac patients. 31 A cross-sectional study found 
associations between somatic, but not cognitive symptom 
dimensions of depression and cardiovascular morbidity in 
the general population. 32 Furthermore, it was shown that only 
the somatic symptom dimension of depression was associated 
with increased levels of cytokines (IL- 18- and IL- 1 -receptor 
antagonists). In patients with major depression, increased 
concentrations of sIL-2R were related to the severity of soma- 
toform symptoms and somatic anxiety symptoms, but not 
to cognitive-affective depressive symptoms. 15 Considering 
the aforementioned links between inflammatory markers and 
cardiovascular health, our findings may support the idea that 



somatic symptoms can predict cytokine changes, which might 
be of potential relevance for cardiovascular disease. 

Consistent with previous studies, our results confirm 
the important role of sex concerning the symptoms of 
depression and inflammation. 23 33 Prevalence rates of major 
depression are higher in women 3435 and there is evidence 
that they develop more somatic symptoms than men with 
major depression. 36,37 Regarding inflammation, women show 
enhanced immunoreactivity and a higher risk for autoimmune 
diseases compared to men. 38 In 2004, Lekander et al showed 
that poorer subjective health was associated with higher 
levels of IL-1 and TNF-alpha in women but not in men. 39 In 
line with these observed sex differences, the present study 
demonstrated that for women, but not for men, somatoform 
symptoms of depression are meaningful predictors for future 
changes in proinflammatory markers. These markers in turn 
are predictors for the future course of depression, symptom 
severity, and potential cardiovascular diseases. 28,40,41 Further 
research as well as therapeutic and medical interventions to 
treat depression and prevent poor health should keep these 
findings in mind. 

Our results regarding the stability of TNF-alpha and 
IL-6 show an acceptable stability of the cytokines over 
4 weeks for both patients with major depression and controls. 
In particular, strong stability was observed for TNF-alpha. 
Compared to TNF-alpha, the ICC of IL-6 was less stable. 
These results are relevant for the interpretation of studies 
investigating issues concerning cytokines. 

Although our study has strengths, such as the longitudinal 
design, some limitations have to be noted. The results should 
be interpreted with caution given the relatively small sample 
size. In addition, the larger number of women may bias our 
results. Finally, we measured TNF-alpha and IL-6 just over 
1 month. To get more meaningful results, longer periods of 
measurement are needed. 

In conclusion, our results provide further evidence for 
the importance of the differentiation between somatic and 
cognitive-affective symptoms in major depression. Somatic 
symptoms seem to be better predictors for changes in 
TNF-alpha than cognitive-affective symptoms in women 
with major depression. 
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